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Abstract
Aerogel and water Cˇerenkov detectors were employed
to tag kaons for a Λ hypernuclear spectroscopic exper-
iment which used the (e, e′K+) reaction in experimen-
tal Hall C at Jefferson Lab (JLab E05-115). Fringe
fields from the kaon spectrometer magnet yielded ∼ 5
Gauss at the photomultiplier tubes ( PMT ) for these
detectors which could not be easily shielded. As this
field results in a lowered kaon detection efficiency, we
implemented a bucking coil on each photomultiplier
tubes to actively cancel this magnetic field, thus max-
imizing kaon detection efficiency.
1 Introduction
We performed a Λ hypernuclear spectroscopic mea-
surement, which used the (e, e′K+) reaction at JLab
Hall-C in 2009 (JLab E05-115 [1][2]). The scattered
electron (e′) and kaon (K+) were measured in coinci-
dence using the HES ( High resolution Electron Spec-
trometer ) and HKS ( High resolution Kaon Spec-
trometer ), dedicated electron and kaon spectrome-
ters. The positions and angles of the scattered parti-
cles were measured with tracking detectors in the focal
planes of each spectrometer and this information was
used to reconstruct a missing mass.
However, HKS, the kaon spectrometer, had a very
large background of protons and positive pions. An
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aerogel Cˇerenkov detector and a water Cˇerenkov de-
tector, used to reject pi+s and protons both on-line
and off-line, played an important role in K+ identifi-
cation. These Cˇerenkov detectors were mounted close
to the HKS dipole magnet (Figure 1) in order to mini-
mize loss of kaons due to decay. Therefore, fringe field
of up to ∼ 5 G were observed in the region of the pho-
tomultipler tubes (PMTs) on the Cˇerenkov detectors.
It was expected that the K+ identification efficiency
would be reduced because of the effects of magnetic
fields on PMT performance. A previous experiment
Figure 1: A schematic drawing of the HKS detec-
tors of JLab E05-115. The fringe field of HKS dipole
magnet ( normal conducting magnet, 1.6 T ) which is
4∼6 G around the Cˇerenkov detectors effects on their
PMT performance.
(JLab E01-011 [3][4][5][6] in 2005) used iron shields
around the PMTs. However, this was not optimal
as it is difficult to shield magnetic fields parallel to
the axis (perpendicular to the face) of the tube and
1
required installation of large amount of iron. There-
fore, for this experiment we implemented a bucking
coil system to more effectively cancel out the fringe
fields.
2 Cˇerenkov detectors
2.1 Cˇerenkov detectors in HKS
Momentum [GeV/c]
0 0.5 1 1.5 2 2.5 3 3.5 4
 
]
-
1
 
[ c
m
dxdN
0
10
20
30
40
50
60
70
80
+
pi
+K
p
H
K
S 
 
A
c
c
e
pt
a
n
c
e
Aerogel ( n=1.05 )
Figure 2: Number of Cˇerenkov photons per centime-
ter vs momentum in the aerogel medium ( n=1.05 ).
Only pi+ generate Cˇerenkov light within the HKS mo-
mentum acceptance. The aerogel Cˇerenkov detector
is used as a veto detector to suppress pi+ particles.
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Figure 3: Number of Cˇerenkov photons per centime-
ter vs momentum in water (n=1.33). The water
Cˇerenkov detector is used to separate p from other
particles by choosing an optimized threshold of num-
ber of photoelectrons.
Over the HKS momentum acceptance of
∼1.05 GeV/c to ∼1.35 GeV/c, the number of
background particles are 2,000:1 for protons and
10,000:1 for pi+s relative to kaons. Using aerogel and
water, Cˇerenkov detector index of refraction values
of 1.05 and 1.33 were chosen. Figures 2 and 3 show
predicted Cˇerenkov light photon yields for the three
particle species in the two radiator media calculated
by:
d2N
dxdλ
=
2piαz2
λ2
(
1−
1
β2n2(λ)
)
(1)
where N is the number of photons, α is the fine struc-
ture constant, λ is the wave length of the Cˇerenkov
light, n(λ) is the refraction index of the medium, and
z and β are the charge and the velocity factor of the
incident particle. In the figures, n(λ) is fixed at 1.05
and 1.33 for aerogel and water, and the yield is inte-
grated over a λ range between 300 nm and 600 nm,
corresponding to the sensitive region of the PMTs. As
the kaon and proton velocities are below threshold in
aerogel, pi+ and lighter particles can be rejected. The
water Cˇerenkov detector is sensitive to all three parti-
cle species, but can distinguish protons and kaons by
the difference in photon yields.
2.2 Requirements
We required that a on-line rejection ratio of the or-
der of 1/100 for pi+ and p to obtain the desired hy-
pernuclear yield and signal to accidental background
ratio. The goal of a high background rejection ratios
must be balanced against the desire to maximize the
efficiency of K+ detection, particularly in the water
Cˇerenkov detectors. This efficiency is determined by
photo-electron collection efficiency of PMTs, a prop-
erty that is strongly affected by magnetic fields.
A Monte Carlo simulation was done to estimate
on-line background rejection ratios and kaon detec-
tion efficiency. This simulation was normalized with
a cosmic ray tests which found, for the water Cˇerenkov
detectors, a mean signal of 54 photoelectrons per cos-
mic ray. According to the simulation, two layers of
water Cˇerenkov cuts that rejects 99.96% of protons
will accept K+ with a 94.5% efficiency. However,
when the mean number of photoelectrons is reduced
by 75% ( mean signal of 13 photoelectrons ), the K+
acceptance rate drops to 75.7% for the same proton
rejection ratio, directly reducing the yield for Λ hy-
pernuclei. Given the limits on beam time, efforts to
mitigate the effect of magnetic field on kaon detection
efficiency are justified.
In order to maximize the yield of Λ hypernuclei and
the signal to noise ratio, we set a goal that magnetic
fields should not reduce photoelectron yields by more
2
than 35%.
3 Test of bucking coil
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Figure 4: A schematic drawing of the setup of bucking
coil test. An H7195 PMT was placed at the center of
the two coils (Helmholtz coil). Unit in the figure is
mm.
Before the setup of JLab experiment E05-115 was
mounted, studies were made of the effects of mag-
netic fields on the Cˇerenkov PMTs and of the abil-
ity of bucking coils to cancel these effects. The test
setup is shown in Fig. 4 which also defines the coor-
dinate system. A two inches diameter H7195 PMT
( HAMAMATSU, photocathode of bialkali, dynode
stages of 12, supply voltage of −2000 V, typical gain
of 3.0×106 ), which was used in the water Cˇerenkov
detector, was tested.
3.1 Magnetic field generation
A Helmholtz coil which can generate magnetic fields
to ∼16 G was constructed. The cross section and
the number of turns of each conductor are 45 mm ×
46 mm and 114, respectively. The excitation curve
of the coil was measured by a hall probe ( Group3
Technology, digital teslameter of DTM-151-DS, probe
of MPT-141-10S, accuracy of ±10−4 ) and compared
to a calculation by OPERA3D-TOSCA[7] which is a
magnetic field calculation software by using three di-
mensional finite element method in the Figure 5. The
measured values of magnetic field of y-component (
By ) are lower by a few % than those of TOSCA
calculation. If the probe has small angles or/and lit-
tle displacement from the center, the measured values
could be lower than the real center value of By. In
the present paper, the following values of magnetic
field are derived from the applied current by using
the measured relation.
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Figure 5: Magnetic field ( By ) and current ( I )
correlation at the center of the coils which are mea-
sured by the hall probe and calculated by OPERA3D-
TOSCA[7].
The uniformity of the Helmholtz coil was also mea-
sured. In the range of 400 mm × 400 mm around the
center which we put PMT for the test, the uniformity
of By was
By
By(center)
> 0.94 (2)
The uniformity is checked by TOSCA as well. Fig-
ure 6 is showing
By
By(center)
by TOSCA calculation. The
solid line describes the value when the values of x and
y are fixed as 0 mm. The dashed line describes the
value when the values of x and z are fixed as 0 mm.
As seen in Figure 6, the TOSCA calculation shows
By
By(center)
> 0.94 in the range of 400 mm × 400 mm,
which is consistent with the measurement within re-
quired accuracy for the bucking coil test.
The other components of magnetic field in the re-
gion of 400 mm × 400 mm were
Bx,z
By(center)
< 0.03 (3)
according to the measurements.
3.2 Light generation and circuit
An LED (STANLEY 3889S Yellow) was used as the
light source for the gain study of PMT. The peak wave
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Figure 6: By/By(center) vs. displacement from the
center of the coils by the TOSCA calculation. The
solid line describes the value when the values of x and
y are fixed as 0 mm. The dashed line describes the
value when the values of x and z are fixed as 0 mm.
The calculation is consistent with the measurement
within required accuracy for the bucking coil test.
length and luminous intensity of the LED are 690 nm
and 4 mCd. The LED was covered by a light diffu-
sion cap in order to achieve uniform illumination of
the PMT photocathode. The LED was placed at the
bottom of a paper cylinder with an inside surface cov-
ered by a teflon reflector sheet. The distance between
the bottom of the paper cylinder and the photocath-
ode of PMT was 260 mm. The cylinder was wrapped
with two turns of light-tight black sheets to prevent
light leaks.
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Figure 7: Electronics block diagram for the bucking
coil PMT tests.
Figure 7 shows the electronics block diagram for
the PMT tests. The LED generates light using
Transistor-Transistor Logic ( TTL ) pulses from a
Clock Generator. The light intensity of the LED is
controlled by varying the width of the pulses. The
width was set at ∼30 ns to generate ∼200 photo-
electrons. The charge information from the PMT was
digitized by an Analog to Digital Converter ( ADC )
with a trigger derived from the LED drive signal.
3.3 Effect of magnetic field on PMT
Studies were made of the effects of magnetic fields
on the PMTs before the bucking coils were installed.
The results are presented as “relative gain”, which is
defined as the ratio of ADC value with a magnetic field
to the ADC value with no magnetic field. It should
be noted that any change in “relative gain” would
originate from multiple sources as 1) changes in the
number of photoelectrons collected by the first dynode
of the PMT and 2) changes in the amplification factor
after the first dynode of the PMT.
3.3.1 Angular dependence
The θ is defined as the angle between the magnetic
field direction ( the y-axis ) and the PMT axis ( per-
pendicular to the face of the PMT ) of the PMT.
Figure 8 shows the angular dependence of the rela-
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Figure 8: Relative gain of PMT as a function of mag-
netic field. PMT HV is set to −2000 V. Different
markers represent different angles between the tube
axis and magnetic field direction ( θ = 0, 30, 60, 90
degrees ).
tive gain. The relative gain is more than 90% with
By < 2 G for all θ. However, it drops to ∼40% with
a magnetic field of 5 G parallel to the PMT axis (
θ = 0◦ ). 5 G is the magnitude of the fringe field seen
on these tubes in the spectrometer. As seen, the rela-
4
tive gain is strongly affected by magnetic fields along
the axis of the PMT.
3.3.2 Effect on one photo-electron detection
The relative gain when using the LED is strongly af-
fected by the magnetic field as discussed in the pre-
vious section. To see changes in the relative gain for
a single photo-electron peak, data were taken with a
self trigger. Figure 9 shows relative gain of one photo-
electron peak as a function of magnetic field. The
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Figure 9: The relative gain of one photo-electron as a
function of magnetic field. The applied HV on PMT
( H7195 ) is −2300 V .
relative gain of one photo-electron is near to 1, and
is slightly increasing with field. If the overall relative
gain reduction originates only from that gain factor
reduction after the first dynode, this result should
show similar behavior to figure 8 when we used an
LED trigger. In addition, a signal rate reduction was
observed. According to these results, the reduction
in relative gain originates mainly from a reduction
of probability that electron which is converted from
photon on photocathode reaches the first dynode of
PMT.
It is also noted that the relative gain increase in
figure 9 does not necessarily imply that gain factor is
increased. Under higher magnetic fields, only higher
energy electrons may be able to reach the first dyn-
ode. These higher energy electrons can knock off more
secondary electrons at the first dynode, and what we
observed might be biased by these events.
3.3.3 Applied HV dependence
Figure 10 shows the relative gain as a function of the
magnetic field which is applied parallel to the axis of
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Figure 10: The relative gain as a function of the mag-
netic field with differnt HV settings of −2300 V ,
−2000 V and −1700 V for the PMT ( H7195 ).
the PMT ( θ = 0◦ ) with different HV settings. As the
high voltage is increased, the effects of the magnetic
field are eased slightly (e.g. the relative gain at 5 G
are 0.42 for −2300 V and 0.31 for −1700 V). However,
this improvement is insufficient for our experimental
requirements.
3.4 Bucking coil test
Figure 11: The setup of the bucking coil on PMT
for the test. The bucking coil of 20 turns was wound
around the PMT, starting at the photocathode and
extending for 90 mm. Unit in the figure is mm.
Figure 11 shows setup of a bucking coil on a PMT as
used for the tests. A wire with cross section of 4 mm2
and a resistance of 0.2 Ω/m was used to wind the
bucking coil. The wire of 20 turns was rolled onto the
PMT, starting at photocathode making a coil with the
length of 90 mm. The current applied to the bucking
coil were set to cancel the magnetic field inside the
5
PMT.
The relative gain as a function of current for the
bucking coil under magnetic fields of 4 G, 5 G and
6 G ( θ = 0◦ ) are shown in the Fig.12. The relative
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Figure 12: Relative gain as a function of the bucking
coil current under magnetic fields of 4 G, 5 G and 6 G
( θ = 0◦ ) The length of bucking coil of 20 turns was
90 mm starting at the photocathode of PMT ( H7195
, −2000 V ).
gains were recovered to ∼1 for each applied magnetic
field on the PMT by choosing the optimal current for
the bucking coil. Those curves have a plateau region.
If one chooses bucking coil current of 2.5 A ∼ 5.0 A,
the relative gain is more than 0.95 under the magnetic
field of 5 G.
3.4.1 Bucking coil position dependence
In the experiment, JLab E05-115, bucking coil can-
not be rolled onto the PMT starting at the photo-
cathode because of physical interferences from the
frame of the Cˇerenkov detector. In anticipation of this
constraint, tests were made with a bucking coil that
started 40 mm away from the photocathode. The re-
sults are represented in the Fig.13. The relative gains
are recovered to ∼ 1 for each applied magnetic field as
well as the Fig. 12. However, the necessary currents
are higher than those of Fig. 12. This means that the
relative gain is more sensitive to the magnetic field
around the photocathode of the PMT.
3.4.2 Angular dependence
Figure 14 shows the relative gain as a function of the
bucking coil current with angles of θ = 0, 30, 60 and
90 degrees. As angles of the magnetic field with re-
spect to the axis of PMT closer to 90◦, the maximum
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Figure 13: Relative gain as a function of the bucking
coil current under magnetic fields of 4 G, 5 G and
6 G. The bucking coil started 40 mm away from the
photocathode of the PMT ( H7195 , −2000 V ).
relative gains are lower though they are still more than
0.95 for θ = 90◦. This imperfection of relative gain
recovery is considered to be caused by a perpendicu-
lar component of magnetic field to the axis of PMT
which cannot be cancelled by the bucking coil.
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Figure 14: Relative gain as a function of the bucking
coil current under a magnetic field of 5 G for the an-
gles of θ =0, 30, 60 and 90 degrees ( H7195 , −2000 V
).
3.4.3 Number of turns dependence
A relation between relative gain and the number of
bucking coil turns is shown in Fig. 15. In this test, a
magnetic field of 5 G was applied on PMT ( θ = 0◦ ).
The bucking coil started at the photocathode of the
PMT, and a HV setting of −2000 V was used. Less
6
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Figure 15: Relative gain as a function of bucking coil
current with different number of bucking coil turns.
A magnetic field of 5 G ( θ = 0◦ ) was used, and the
bucking coil started at the photocathode of the PMT
( H7195, −2000 V ).
current is needed to recover the relative gain up to ∼1
with coils with a greater number of turns though the
plateau region becomes narrower.
3.4.4 HV dependence
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Figure 16: Relative gain as a function of the buck-
ing coil current with different HV settings, −1700 V,
−2000 V and−2300V. A magnetic field of 5 G ( θ = 0◦
) was applied, and the bucking coil position started
at the photocathode of the PMT ( H7195 ).
Figure 16 shows the relative gain as a function
of bucking coil current with different HV settings,
−1700 V, −2000 V and −2300 V. In this test, a mag-
netic field of 5 G was applied to the PMT ( θ = 0◦
), and the bucking coil of 20 turns was wound start-
ing at the photocathode of the PMT. The necessary
currents to recover relative gains up to ∼ 1 for each
HV setting are very similar. In the actual experiment
setup, different HV settings were used for PMTs. The
obtained results imply that a single bucking coil cur-
rent can work though different HV settings are used
in the actual experimental setup.
4 Bucking coil implementation for
the experiment JLab E05-115
4.1 Water Cˇerenkov Detectors
Figure 17: A schematic drawing of the water
Cˇerenkov detector. There are two layers with 12 seg-
ments for each layer. A bucking coil of 40 turns was
rolled around each PMT, starting ∼40 mm away from
the photocathode. Unit in the figure is mm.
A schematic drawing of the water Cˇerenkov detec-
tor is shown in the Fig. 17. There are two layers of
water Cˇerenkov detector with 12 segments for each
layer. A detector segment consists of an acrylic box
with its inside surface covered by a teflon sheet, and
PMTs ( H7195 ) on top and bottom of the box with
UV-glass windows. Deionized water ( resistivity of
18 MΩ·cm, the refraction index of 1.33 ) was used as
the radiation medium. A bucking coil of 40 turns was
rolled around each PMT, starting ∼40 mm away from
the photocathode. Figure 18 is a photograph of buck-
ing coils on PMTs of the water Cˇerenkov detectors.
In the experiment, the effects of bucking coil for the
water Cˇerenkov detector were checked by measuring
the counting rates of each PMT, which is equivalent
to measuring the relative gains as discussed in section
3.3.2 if the discriminator threshold is kept the same.
7
Figure 18: A photograph of the bucking coils on the
PMTs of water Cˇerenkov detectors. A bucking coil of
40 turns was used for each PMT.
The ratios of counting rates of each PMT when the
HKS dipole magnet was on to those when the magnet
was off are shown in the Fig. 19. The counting rates
for each PMT are decreased by more than ∼50% when
the bucking coil is not used. On the other hand, the
counting rates with bucking coil ON ( 40 turns, the
current of 2 A ) are recovered to those with no HKS
magnetic field.
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Figure 19: Relative rates of each segment of the
first layer of water Cˇerenkov detectors when the HKS
dipole magnet is on. The relative rates are recovered
up to ∼1 when the bucking coils are ON ( 40 turns ,
the current of 2 A ).
4.2 Aerogel Cˇerenkov detectors
Front view Side view
Bottom view
BEAM
Figure 20: A schematic drawing of the aerogel
Cˇerenkov detector. There are three layers with 7 seg-
ments for each layer. Unit in the figure is mm.
Figure 21: A photograph of the aerogel Cˇerenkov de-
tectors. Bucking coils are rolled around the photo-
cathodes of each PMT.
Figure 20 shows a schematic drawing of the aerogel
Cˇerenkov detector. There are three layers of aerogel
Cˇerenkov detectors, and each layer has 7 segments.
A segment consists of a structurally strengthened pa-
per box, 40 pieces of hydrophobic silica aerogel tiles
( SP-50 , Matsushita1 , refraction index of 1.05 ) and
two PMTs ( XP4572B/D1, Photonis, photocathode
of bialkali, dynode stages of 10, typical supply volt-
age of +2100 V, typical gain of 2.0×107 ), located on
the top and bottom of the box without any windows.
1Currently produced by the Japan Fine Ceramics Center
8
It is noted that the PMT which is used for aerogel
detector is more sensitive to magnetic fields because
its diameter ( 5 inches ) is larger than that for water
Cˇerenkov detector ( 2 inches ).
Figure 21 shows the bucking coils on PMTs for the
aerogel Cˇerenkov detectors. 40 turns of bucking coils
were used for each PMT. Figure 22 shows the relative
gain of the each PMT in the first layer of the aero-
gel Cˇerenkov detectors as a function of bucking coil
current. Because the fringe field of the HKS dipole
is not uniform in the region of the aerogel Cˇerenkov
detector, the optimal bucking coil currents are differ-
ent for each segment. However, a single current of 8 A
was chosen since it recovered most of the relative gain
reasonably for all PMTs.
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Figure 22: Relative gain of each segment of the first
layer of aerogel Cˇerenkov detectors. In the experi-
ment, a single current of 8 A was chosen for all PMTs.
4.3 K+ identfication performance
A schematic drawing of the HKS detectors is rep-
resented in the Fig. 1. The HKS consists of three
layers of plastic scintillation detectors ( KTOF1X ,
KTOF1Y , KTOF2X ) for TOF ( Time Of Flight )
measurement, two layers of horizontal drift chambers
( KDC1 , KDC2 ) for particle tracking, and the aero-
gel and water Cˇerenkov detectors (AC1 , AC2 , AC3
, WC1 , WC2 ) for particle identification.
4.3.1 On-line K+ identification
The HKS trigger was made by the following logical
condition,
HKStrigger = CPtrigger ⊗Ktrigger (4)
where,
CPtrigger = KTOF1X⊗KTOF1Y ⊗KTOF2X, (5)
Ktrigger = AC ⊗WC. (6)
CPtrigger in eq.(5) is a charged particle trigger which
consists of the coincidence of three layers of TOF de-
tectors ( KTOF1X , KTOF1Y and KTOF2X ). In
eq. (6), AC represents (AC1 ⊗ AC2) ⊕ (AC2 ⊗ AC3)
⊕ (AC3 ⊗ AC1), and WC represent ( WC1 ⊗ WC2 ).
The overline on AC means that the AC was used as
veto to suppress pi+. The typical HKS trigger rate was
∼1 kHz with a beam current of 2 µA on a polyethylene
target ( CH2 , the material thickness of 450 mg/cm
2
).
Data with the HKStrigger and the CPtrigger condi-
tions were taken during the experiment although a
coincidence between the HKS trigger ( HKStrigger )
and the HES trigger was used for physics data. pi+
and p rejection ratios were estimated by comparing
the number of those events in the HKStrigger and the
CPtrigger. The rejection ratios of pi
+ and p with a
beam current of 2 µA on the polyethylene target were
7.4 × 10−3 and 3.8 × 10−2, respectively. The K+ de-
tection efficiency was 91%.
4.3.2 Off-line K+ identification
At the on-line ( hardware ) trigger level, thresholds
of the Cˇerenkov detectors were set slightly loose so as
to avoid over-cutting of K+s. Therefore, some pi+s
and protons remained in the recorded data. The top
plot of Fig. 23 shows the correlation between number
of photoelectrons from the sum of the three layers of
aerogel Cˇerenkov detectors and mass squared of the
measured particle. The bottom plot is an x-projection
of the top graph. Mass squared, m2 is calculated by
the following equation,
m2 =
k2
(1/β2)− 1
(7)
where k is the momentum reconstructed by transfer
matrix of the HKS, and β is the velocity factor derived
from the TOF measurement. In Fig. 23, clusters of
pi+, K+ and p are clearly seen. pi+s are rejected by
applying the cut on the number of photoelectrons in
the aerogel Cˇerenkov detector.
Two types of boxes of water Cˇerenkov detectors
were used in the experiment. The main differences be-
tween them were reflective materials and PMT choice.
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Figure 23: Correlation between the number of pho-
toelectrons summed over the three layers of the aero-
gel Cˇerenkov detector and mass squared (top), and
x-projection of the top figure (bottom).
On the low momentum side ( segment numbers from
1 to 6, BOX1 ), white acrylic as reflective material
and H7195 PMTs were used. On the high momentum
side where severer particle identification is required (
segment numbers from 7 to 12 , BOX2 ), teflon sheets
as the reflective material and H7195UV PMTs which
has UV-glass window were used. H7195UV has the
same responses to the magnetic field as H7195, but
higher efficiency to ultra violet light.
In cosmic ray tests, the average number of pho-
toelectrons in BOX1 and BOX2 type segments were
∼50 and ∼100, respectively. There was difference of
number of photoelectrons between BOX1 and BOX2,
and thus, normalized number of photoelectrons were
introduced to adjust K+ peak to 1. The top plot of
Fig. 24 shows the correlation between the normalized
number of photoelectrons from the sum of two layers
of water Cˇerenkov detectors and the mass squared,
while the bottom plot is the x-projection of the top
figure. Protons and other particles ( pi+, K+ ) can be
separated by the cut on the number of photoelectrons.
Figure 25 shows the mass squared distribution be-
fore and after the cuts on the number of photo-
electrons in the Cˇerenkov detectors. K+ events are
clearly selected after applying these cuts. When the
Cˇerenkov and mass squared cuts were selected to keep
90% kaons in the total off-line events, the contami-
nated pi+ and p events were 4% and 3% of remaining
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Figure 24: Correlation between normalized number
of photoelectrons from the sum of two layers of water
Cˇerenkov detectors and mass squared (top), and the
x-projection of the top figure (bottom).
events ( using the 450 mg/cm2 CH2 target ). In this
case, the total ( on-line and off-line ) rejection powers
of pi+ and p were 6.5×10−4 and 6.1×10−5, respec-
tively.
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Figure 25: Mass squared distribution before and
after the cuts on the Cˇerenkov detectors. K+
events are clearly selected after the cuts. The
width of single gaussian fitting for kaon peak is
σ ∼ ( 0.29 [GeV/c2] ) 2.
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5 Summary
The water and aerogel Cˇerenkov detectors, which were
located a few meters away from the HKS dipole mag-
net, needed to be operated in a fringe field of ∼5 G.
The separation efficiency of K+ from the other back-
ground particles ( pi+ and p ) is deteriorated in these
fields as the fields reduce the relative gains. Monte
Carlo simulations indicated that relative PMT gains
of more than 65% were required to keep the yield of
Λ hypernuclei and the signal to noise ratio reasonably
high. To operate the PMTs attached to Cˇerenkov ra-
diators under this field, bucking coils were installed to
actively and locally cancel the magnetic field on the
PMTs.
Tests with a Helmholtz coil were performed to study
the effects of magnetic fields on the H7195 PMT which
was used for the water Cˇerenkov detectors. With a
magnetic field of ∼5 G parallel to the axis of the PMT,
the gain was reduced by 60% ( relative gain of 0.40
). A bucking coil of 40 turns and ∼2 A starting at
the photocathode of PMT was needed to recover the
relative gain up to ∼1 in this case.
In JLab E05-115 experiment, bucking coils of 40 turns
and current of 2 A were used for the water Cˇerenkov
detectors, and coils with 40 turns and current of 8 A
were used for aerogel Cˇerenkov detectors. With these
coils, a relative gain of more than 0.70 and 0.75 for
each segment of the water and aerogel Cˇerenkov de-
tectors, respectively, were achieved. The on-line re-
jection ratios of pi+ and p with a beam current of
2 µA on the CH2 target ( the material thickness of
450 mg/cm2 ) were 7.4 ×10−3 and 3.8 ×10−2, respec-
tively. The efficiency for K+ events was 91%. Off-
line, K+ events were selected by applying cuts on the
number of photoelectrons in the Cˇerenkov detectors.
When Cˇerenkov and mass squared cuts were selected
to keep 90% efficiency in off-line kaon selection, the
contaminated pi+ and p events were 4% and 3% of
remaining events ( using the 450 mg/cm2 CH2 target
). In this case, the total ( on-line and off-line ) rejec-
tion powers of pi+ and p are 6.5×10−4 and 6.1×10−5,
respectively. The implementation of bucking coils al-
lowed for a very clean on-line and off-line selection of
K+ events.
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